Traumatic rupture of the diaphragm resulting from blunt trauma remains a challenging clinical entity. Diagnosis remains difficult and is often delayed. A prompt diagnosis requires a high index of suspicion. We describe two patients with ruptured diaphragms in whom the diagnosis was made at different stages of their illness. The diaphragmatic injury reflects the magnitude of their associated injuries and probably contributes to the overall mortality.
Blunt diaphragm rupture is no longer uncommon. The incidence has steadily increased as a result of an increased number of motor vehicle accidents. It is reported to occur in around 4% of multiple injury cases 1 and is commoner on the left side, presumably because of the protection afforded by the liver on the right. Injuries of the diaphragm may be overlooked due to the subtle presentation in the face of more obvious injuries. Early recognition is of upmost importance because catastrophic complications may occur at any time following the diaphragmatic disruption.
We present two case reports in which a diagnosis of ruptured diaphragm was delayed but subsequently confirmed by different methods. In both cases, it was a chest X-ray that initially raised suspicion.
CASE HISTORIES. Case 1
A 29-year-old female was a front seat passenger involved in a high-speed road traffic accident. On admission she had a pulse rate of 150 bpm and a systolic blood pressure of 100 mmHg. Her respiratory rate was 30 breaths per minute with reduced air entry on the left side. Skeletal X-rays confirmed fractured 5, 6 and 7 ribs, forearm and femur on the left side. The chest X-ray showed homogeneous shadowing of the left lung field suggestive of a haemothorax and therefore an intercostal drain was inserted ( Figure 1 ).
After stabilization she was taken to the operating theatre for internal fixation of the fractured femur. The operation was uneventful.
Postoperatively, she was admitted to the Intensive Care Unit. Despite an epidural infusion she complained of left-sided chest pain and was also noted to be tender in the left hypochondrium. A postoperative chest X-ray suggested a left-sided haemopneumothorax and the intercostal drain was replaced. The subsequent X-ray showed the unresolved pneumothorax. The intercostal drain was resited again and low pressure suction was applied.
The following morning her respiratory function deteriorated. A chest film showed the persistent leftsided haemopneumothorax ( Figure 2 ). Her condition rapidly deteriorated and she underwent endotracheal intubation and mechanical ventilation after which a further intercostal drain was inserted. The possibility of the pneumothorax being a gastric air bubble was then considered. A nasogastric tube was inserted followed by 50 ml of Gastrografin amedotrizoate. A subsequent CXR confirmed the presence of an intrathoracic stomach and the diagnosis of a ruptured left hemidiaphragm ( Figure 3 ).
The patient returned to the operating theatre. The stomach was returned to the abdomen and a lacerated and haemorrhagic spleen removed before an 8 cm defect in the diaphragm was repaired. Over the next two weeks she developed multi-organ failure and eventually died with a multi-antibiotic-resistant pseudomonas septicaemia.
Case 2
A 69-year-old female was crushed between a car and a stone wall. She had extensive penetrating injuries to her pelvis, perineum and lower abdomen. rate of 144 bpm. Her respiratory rate was 38 breaths per minute. The oxygen saturation was 88% on maximum inspired oxygen. There were no external signs of chest trauma.
She was taken to the operating theatre for exploration of her wounds. Airway pressures were normal and her oxygen saturation improved quickly to 100%. Her pelvic injuries were extensive involving the soft tissues and the bony pelvis. On review of the chest X-ray from the Accident and Emergency Department (Figure 4 ), suspicions arose regarding the integrity of the diaphragm. Upper abdominal exploration revealed bilateral ruptured diaphragm domes. The left colon, spleen, stomach and liver were situated in the chest and the right diaphragmatic tear was continuous with a pericardial tear. These defects were surgically repaired. Unfortunately, over the next 24 hours she remained cardiovascularly unstable and died of multi-organ failure.
DISCUSSION
The most common cause of blunt diaphragm rupture is violent vehicular trauma 2,3 . Blunt abdominal trauma from other modes of injury does not commonly result in diaphragmatic rupture 4 . This suggests that the mechanism of injury and the degree of trauma sustained are important aetiological factors. The high frequency of coexistent major intra-and extra-abdominal injuries supports the latter part of the hypothesis. Desforges et al 5 suggested that the direction of the crushing force is unimportant and that rupture in a closed system will occur at its weakest point. In the case of the abdomen, this is the diaphragm. During severe abdominal trauma, a tenfold increase in pressure can occur in the abdomen, transmitting a sudden blow of kinetic energy through the domes of the diaphragm 6 .
Blunt diaphragm rupture has a high early morbidity and mortality attributed to the severity of associated injuries resulting from the magnitude of the force needed to rupture the diaphragm. Indeed, the serious associated injuries are usually a greater problem in treatment than the diaphragm injury per se 7 . Patients often present to the emergency room in shock or requiring urgent airway intervention. In one series of patients, mortality was 40.5% of those admitted to hospital, of which 80% were deaths in the acute injury period, either in the operating room or during the first 24 to 48 hours post-injury 2 . Causes of early deaths included haemorrhage, severe head injury and myocardial contusion. The patients who died tended to be older with more severe injuries. Multi-organ failure and sepsis accounted for several late deaths.
Preoperative diagnosis of blunt diaphragm injury is notoriously difficult to make, due in part to the number and severity of associated injuries but also to the non-uniform manner of presentation and inconsistent physical findings 8 . The initial chest film provides the clue to the diagnosis. Any abnormality of the costophrenic angles should be regarded with suspicion, and if the hemidiaphragm is not visualized in its entire course, this should lead to further evaluation to diagnose or exclude diaphragm injury 7 . Beal and McKennan 2 , reporting on their past trauma experience, found that blunt diaphragm rupture was not initially recognised in 69% of cases. A retrospective review of the 37 admission chest films revealed that on 36 films the injured diaphragm was abnormal. Suspicious radiological findings include indistinctness and/or elevation of a hemi-diaphragm, marked lower lobe atelectasis or collapse, air fluid levels, haemothorax, pneumothorax, pulmonary contusion, and/or multiple rib fractures. Some authors have reported a particular association of pelvic fractures with blunt diaphragm injury and concluded that the diagnosis should be suspected in the severely injured patient with pelvic fractures 9 . Numerous other methods have been proposed to diagnose diaphragm injury. These include: serial chest X-ray in combination with fluoroscopy, upper and lower gastrointestinal barium studies, endoscopy, arteriography for persistent bleeding from chest tubes, pneumoperitoneum, computer tomography, and ultrasound. None of these is entirely reliable and they are of limited value in the early assessment of the critically injured trauma patient. Peritoneal lavage gives a significant number of false negatives although it may diagnose diaphragm rupture via the appearance of effluent in the chest drains 10 . There have also been reports of intestinal contents being aspirated from a supposed pleural effusion 3 .
It is very uncommon to have an isolated diaphragm injury. The presence of associated intra-abdominal injuries, most notably to the liver and spleen 11 , and the fact that a large percentage of diaphragm ruptures are diagnosed intraoperatively, has led many authors to advocate early exploratory laparotomy in patients suffering severe trauma 2,3 . In one particular series of patients 3 , an unsuspected rupture was found in 11 of 24 patients who underwent surgery. Surgeons generally prefer the abdominal approach, as there are usually associated intraabdominal injuries that require urgent repair whereas most associated thoracic injuries can be managed without formal thoracotomy 12, 13 . The advent of videothoracoscopy may also reduce the number of thoracotomies performed in blunt chest trauma 14 . The principle should be to look for and deal with the salvageable injuries first. Laparotomy must include deliberate palpation of both hemi-diaphragms. Most tears have been found to occur in a radial direction in the postero-lateral areas of the left side of the diaphragm 13 .
As a general rule, the earlier the diaphragm is repaired the better 7 . In those patients not undergoing immediate laparotomy, continued respiratory embarrassment and/or chronic abdominal complaints, due to the progressive herniation of abdominal contents into the chest, should raise the suspicion of diaphragm rupture 15 . Although some studies 2 have found that no patient died as a direct result of their ruptured diaphragm, others 16 concluded that a delay in diagnosis is one variable implicated in increasing the overall morbidity and mortality in this group of patients. Initial recognition and treatment of diaphragmatic injury is important in avoiding longterm sequelae 17 . It has been suggested that the incidence of delayed diagnosis may increase as we manage more solid organ injuries non-operatively 18 .
Postoperative complications are common and are generally pulmonary in nature, including lobar collapse, pneumonia and pleural effusions. Diaphragm dysmotility contributes to and exacerbates the pulmonary problems encountered.
We are unable to support the suggestion that earlier diagnosis and treatment of the ruptured diaphragm in either of these two patients would have made any difference to the outcome. However, Case 1 illustrates the potential danger of inserting an intercostal drain into an intrathoracic gas collection, presumed to be a pneumothorax. Case 2 is an example of how the diagnosis is often made at laparotomy whilst dealing with more life-threatening injuries.
In summary, blunt diaphragm rupture is difficult to diagnose and remains a marker of severe trauma. In the setting of severe blunt trauma, suspicion of diaphragm rupture should remain high, and thorough evaluation including further investigation of any abnormality on chest X-ray should be carried out to exclude this injury.
